United States Patent [
' Machida et al. - |

[54] IMAGE PROCESSING APPARATUS FOR
VARIABLY MAGNIFYING IMAGE AND
CONTROLLING IMAGE DENSITY

[75] Inventors: Hironobu Machida, Tokyo; Hiroki
- Kanno, Yokohama; Hitoshi Yoneda,
Kawasaki, all of Japan

[73] Assignee: Kabushiki Kaisha Toshiba, Kawasaki,

. US005280546A
[11] Patent Number: 5,280,546
[45] Date of Patent:  Jan. 18, 1994
4,924,509 5/1990 YOKOMIZO ...ovvrommreeeoervvosseo. 382/50
5,054,100 10/1991 Tai veovveeeeeeerosooeeosovo .. 382/47
5,161,035 11/1992 Muramatsu .......................... 382/47
5,170,443 12/1992 TOAA wevovvevrererrverrsrnrsnersen 382/50

Primary Examiner—Leo H. Boudreau
Assistant Examiner—Larry J. Prikockis
Attorney, Agent, or Firm-—Foley & Lardner

Japan [57] ABSTRACT
.  on An image forming apparatus capable of magnifying a
21} Appl. No.: 800,424 target 1mage to any desired magnification, includes
[22] Filed: Nov. 29, 1991 functions for detecting the maximum and minimum
. o e Ty . densities from limited image information, including a
3 li . : o
[30] | Foreign Application Friority Data data piece representing a picture element of the target
Nov. 29, 1990 [JP] Japan .....ccevivrvericireninnnen, 2-333046 Mage, functions for determining from the difference
[S1] X0t CLS ..o, GO6K 9/36 between the maximum and minimum densities detected
[52] US. CL oo, werere 382/47; 382/9; by the detection means, whether the picture element is
348 /455: 358/451 in a photographic region or a character region, func-
[58] Field of Search ................ 382/9, 47, 49, 50, 53;  tions for determining a picture element density appro-
- 358/462, 451, 455, 428, 429  priate for magnifying the target image from the density
| | _ of the target picture element and that of a picture ele-
[56] References Cited ment close to the target picture element, and functions
U.S. PATENT DOCUMENTS for outputting the picture element density determined
by the density-determining means, in accordance with
T Al e T e R et et homnt . phovog e
4,709,274 11/1987 Tamioka .........cccerveerevecrnncne 358/455 ~ Teglon or a character region.
4,841,462 6/1989 Vigarlé et al. oo 364/723
4,864,413 9/1989 Sasaki .....cccceceveerereverresrrerennes 382/47 7 Claims, 14 Drawing Sheets
sz | e -
0D RS 3
S5 JNE BurFeR el % [Owmax
~ | L{LINE BUFFER m< L LINE BUFFER .
e e e -l QE
g G) i'c - % Z
25 ||| “CINE BUFFER 3 e BoPE
2 | | HONE BUFFER uill LINE BUFFER

EXPAND/REDUCE
ADDRESS
GENERATOR |

HIAINRIH OL




Sheet 1 of 14 0,280,546

Jan, 18, 1994

U.S. Patent

TO PRINTER

m
1
m IIIIIIIIII
. = 43448 3N~ | o
8 ¥344N8 3NN iE.l I
T 2 = 4344n8 INNL~ | || 22
Nm | | N— L O J
Sk 4344N8 ANMl=; 12 =0
_ =5 [ sq) a8
hl _ m e R

_ | g .
6 HOLVHINIO

SS34aqQv
30NA38/0NVdX3




¢ 91 3 _ SHO1D3130 NIN/XVYW

5,280,546

NOI1HOd
- . ONIL103130
e ALISNAQ
s ,__ AWINIA
o
g _
= cé
<
m 8
o vaa
m u.lll :
k- g _ ONILO3130 €ag
ALISN3Q Saea
JUcn
odagl

U.S. Patent



U.S. Patent Jan. 18,1994  Sheet 3 of 14 5,280,546

O ' - '
lﬁ a1 COMPARATOR I
' T ® | 2
' m . . _ o\
3 coneaeaT
 NACIRCUIT OR
| ' o QN 08 o E.\-l .
. _ _ _ =
l < |COMPARATOR | |COMPARATOR| ../
l e L g I
o Q0
®© L,
- . . _ 2
I o e o |
- - =
Lt
. - - =
-D .
~ >
. =
R
0 e
- G :
CIRCUIT < N
o o 2l
' COMPARATOR| S
O T o
| N ™
OMPARATOR ®
o | o 2 o
| © @ - o N
" el e a FF '
l OMPARATOR| [COMPARATOR CIRCUIT '
__r o j o o
m {0  NO© M 00 -
o] =— o 0 2
3 g & g :
9 8 - - —



U.S. Patent Jan. 18, 1994 Sheet 4 of 14 5,280,546

-

220

h-m-ﬂ-ﬂ-m-“-mhm-_._

COMPARATOR | | COMPARATOR

o
| COMPARATOR . |
_ @O
@ % '
_
N
F
®
F

~ _

QT S | S
CIRCUIT | COMPARATOR

F

CIRCUIT

F

L .}

O
A\
N

220

o —_— 00

\22

COMPARATOR

OMPARATOR}.

L

CIRCUIT
'8,
(00, |
CIRCUIT

@

20, —
CIRCUIT
O .
Al
0

22b 22b 22b

22b
n
N

22a 22b

COMPARATOR

MINIMUM DENSITY DETECTING PART
AL ALEY

T B el ————— ————— el el ————————————le

©

COMPARATOR

O

220

©

220

LBDO
LBD. 1
LBD 2
LBD,3



U.S. Patent ~ Jan, 18, 1994 Sheet 5 of 14 5,280,546

-
a 7.
_H
@
T, |
: (o
“ -
l  ADDER 5
O
® o
O
CD z [
| 3
. 3. S| e
“MULT | - a3 &
PLICATOR = & &
'- 1a 0| l-z-

q§n 9
©

0
o O
. SUBTRACTER SELECTOR co
L o

DI



U.S. Patent Jan. 18, 1994 Sheet 6 of 14 5,280,546

D(I)
D(i+1) D(p+”
DL~ | T~ =—_ Dli+2)

L T }
| oo ,
we | '
<2 I |
20 | }
| I
| l

IOR




Sheet 7 of 14 5,280,546

Jan. 18, 1994

) 8 91 4

e “NOILiod

m ONILVH3INTO |

- SS34AAvV

m"_l._ _ _ J0NA3H/0NYdX3 _

ol _ |

o= vy _

IaX _ |

Q=9

X828 2 | | t32 qes

LINJYHID HOLVHINIO -

1TVNOIS TI0HLNOD

LINOYID HOLVHINIO
WNOIS TOMLNOD

g3 1T71041LNOD .
d3.1NNOD 004

} |
é8 S ‘

43LNNOD
ss3yaav




Sheet 8 of 14

Jan, 18, 1994

U.S. Patent

5,280,546

| 4

O~64W
1003
1001

Ol

danw



Sheet 9 of 14 9,280,546

Jan, 18, 1994

U.S. Patent

vy

13D

De8—
dOLVHEINIO
TVNOIS
TOH41LNOD

LINJHID

COMPARATOR |

N3QH
£

10D



U.S. Patent Jan. 18, 1994 Sheet 10 of 14 5,280,546

[“"_'”"“"_""'""““"""“___”"' | XA1~0

. . 2
MF9~8 1k '
e 4 2t : RCO
MF 7, 20 ' '
| I
1CO1 '

HSYNCO,

101 _ ‘ — L

' AFF 15

RCO’ . '_ 1 CIRCUIT|
824D

HSYNCO

CARRY CORRECTING CIRCUIT

F 1 G 12



Iil%lilil!lil

95,280,546

S
O r3
4aI 4 O

< % QO
“ . 0 (goi -
- 80| B L 11NJY1D
" 14IHS
5
od
g
-

U.S. Patent



U.S. Patent Jan. 18, 1994 Sheet 12 of 14 5,280,546

DM =(Dpax + DMIN I/ 2

F 1 G 17

ST |
oo | Mowmethi | oo
"1 [ o [Thic o< | 1e0
ol
EEER

ADpmax = Dmax — Dvin

"F 1 G 18



U.S. Patent Jan. 18,1994  Sheet 13 of 14

- @
<. -

[—-“'m*m-“—"-%—t- _ _—-——I

l
H6

SELECTOR

I |

1S

—p

COMPARATOR
—

_ 3 __
EDGE STORING/ PROCESSING PORTION

5,280,546

O




9f 9 1| 4

_l " NOILHOd SNISS3O08d/9NINOLS 3903

95,280,546

adl
_ 1 | dsl
< | 8 2 m |
© Al ..l__._ w
- i &
= L N |
Q w .
" —|
£ p)
= _
- Lo _
3 TE _
- Nno
eo _ ._
5 [
oy
yyL
“NINqg

U.S. Patent



5,280,546

1

IMAGE PROCESSING APPARATUS FOR
VARIABLY MAGNIFYING IMAGE AND
CONTROLLING IMAGE DENSITY

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to an image processing

apparatus which can perform expansion/reduction pro-
cessing of a document image mc]udmg both character
and photographic images, while ensuring both a good
resolution of a character portion and a good gradation
of a photographic region.

2. Description of the Related Art

In a document image processing apparatus which can
handle image information as well as code information,
binary quantization of document information read by a
read means, such as a scanner, is generally performed as

10

15

follows. With respect to an image information having

contrast, such as characters and line drawings, simple
binary quantization is performed by using a fixed
threshold value. With respect to image information
havin g a gradation, such as photographs, binary quanti-
zation 1s performed by a pseudo-gradation reprcsentmg
means, such as the dither method. Such a means is em-

ployed for the following reason. If s:mple binary quanti-

zation is performed with respect to read image informa-
tion by using a fixed threshold value, no deterioration in
image quality occurs in character/line drawing image
regions because resolution is preserved, but deteriora-
tion in image quality occurs in photographic image
regions because the gradation is not preserved.

20
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~ In contrast to this, if gradation processing such as the

ordered dither method is performed with respect to
read image mformatlon, no deterioration in image qual-
ity occurs in photographic image region because the
gradation property is preserved, but a deterioration in
image quality occurs in character/line drawing image
regions because the resolution property deteriorates.
That 1s, if a single binary quantization method is per-
formed with respect to the read image information, high
image quality cannot be ensured in regions with differ-
ent features at the same time. For this reason, when a
document on which character and photographic images
are formed together is to be processed, a target image is
separated into a character region and a photographlc
region, and the character and photographic regions are
processed by selectively or adaptively switching be-
tween the simple binary quantization mode and the
dither processing mode. |

When image information is to be output upon expan-
sion or reduction, multi-value image information input
through a scanner or the like is expanded/reduced in

advance, and the above-described binary quantization is

performed. This is because the expansion/reduction
processing after binary quantization is inferior to that of
the multi-value image information in terms of the preci-
sion of expansion/reductlon processing. As such expan-
sion/reduction processing, the linear interpolation
method, the projection method, and the like are known.
In these methods, however, since the image informa-
tion of neighboring picture elements is interpolated,
changes in density of an image cannot be faithfully
reproduced. In the above-described image region sepa-
ration method, changes in density of an image are used.
Therefore, image region separation cannot be per-
formed with respect to an image which has undergone
‘the conventional expansion/reduction processing. That
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1S, a conventional apparatus cannot perform expan-
sion/reduction processing of a document on which
character and photographic images are formed together
while ensuring both good resolution of a character
portion and good gradation of a photographic region.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an
image processing.apparatus which can perform expan-
stion/reduction processing of a document having both
character and photographic images while excellent
image quality is maintained.

Accordmg to the present invention, there is provided
an unagc forming apparatus capable of magmfymg a
target image at any desired magmﬁcatlon comprising
functions for detecting maximum and minimum densi-
ties from limited image information, including a data
piece representing a picture element of the target image,
functions for determining, from the difference between
the maximum and minimum densities detected by the
detection means, whether the 'plctu'rc element is in a
photographic region or a character region, functions for
determining a picture element density appropriate for
magnifying the target image from the density of the
target picture element and that of a picture element
close to the target picture element, and functions for
outputting the picture element density determined by
the density-determining means in accordance with
whether the target picture element is in a photographic
region or a character region.

According to the present invention, with the
abovedescribed arrangement, a proper image density in
a variable magnification process of a target image is
determined depending on whether the target image is
character or photographic information. On the basis of
the density difference between the maximum and mini-
mum densities detected by the detecting means, the
determining means determines whether an image at a
predetermined position corresponds to a character or
photographic region. The outputting means then out-

puts density information in accordance with the deter-

mination result. More spemﬁcally, if the image corre-

“sponds to a photographic region, proper density infor-

mation decided by the determining means is output. If
the image corresponds to a character region, the density
of the pixe] nearest to the target picture element is out-
put froin the outputting means. With this operation, in
the image processing apparatus of the present invention,
a proper image density can be obtained in accordance
with the type of image information, i.e., photographic
or character information.

Additional objects and advantages of the invention
will be set forth in the description which follows, and in
part will be obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and ob-
tained by means of the instrumentalities and combina-
tions particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

- The accompanying drawings, which are incorpo-
rated Iin and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention,
and together with the general description given above
and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of the
invention.
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FIG. 1 is a block diagram showing the arrangement
of an image processing apparatus;

FIG. 2 is a block diagram showing the arrangement
of a max/min detecting portion;

FIG. 3 is a block diagram showing the arrangement
of a maximum density detecting portion;

FIG. 4 is a block diagram showing the arrangement

of a minimum density detecting portion;
FI1G. 5 is a block diagram showing the arrangement

of an interpolation circuit;

FIG. 6 is a view schematically showing linear inter-
polation processing;

FIG. 7 is a block diagram showing the arrangement
of an edge preservation processing portion;

FIG. 8 is a block diagram showing the arrangement
of an expand/reduce address generating portion;
- FI1G. 9 is a block diagram showing the arrangement
of a re-sampling point calculation portion;

FIGS. 10 and 11 are block diagrams showing the
arrangement of a control signal generator;

FIG. 12 is a block diagram showing the arrangement
of a carry correcting circuit; _

FIG. 13 is a block diagram showing another embodi-
ment of the edge preservation processing portion;

FIGS. 15 and 16 are block diagrams showing other
embodiments of the edge preservation processing por-
tion; and

FIGS. 14, 17 and 18 are views for explaining the
conditions for selection performed by selectors in other
embodiments.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An embodiment of the present invention will be de-
scribed below with reference to the accompanying
drawings.

FIG. 1 is a block diagram showing the schematic
arrangement of an image processing apparatus. This
image processing apparatus 10 receives image informa-
tion read by a read unit (not shown), e.g., an image
scanner, as digital data, each picture element of which
conststs of, e.g., 8 bits. The apparatus 10 then performs
expansion or reduction processing of the received digi-
tal data in accordance with a preset variable magnifica-
tion, and outputs the resulting image information to an
output unit (not shown), e.g., a printer or a personal
computer. For example, the image processing apparatus
10 comprises a line buffer portion 1, a max/min detect-
ing portion 2, line buffers 3, 4, 5 and 8, an interpolation
circuit 6, an edge preservation processing portion 7, and
an expand/reduce address generating portion 9.

Image information supplied from the read unit is

input to the line buffer portion 1. The line buffer portion

1 serves to store image information read by the read unit
by an amount corresponding to several lines. The line
buffer portion 1 is constituted by line buffers corre-
sponding to a plurality of lines, e.g., line buffers 1a to 14
corresponding to four lines. Image information corre-
sponding to five lines is output from the line buffer
portion 1 and is supplied to the max/min detecting
portion 2. |

The max/min detecting portion 2 receives the image
information supplied from the line buffer portion 1 in
synchronism with a predetermined clock and obtains
feature information of maximum density Dps4y and
minimum density Dagn in a local region including a
target picture element from the input image informa-
tion. The maximum density information Das4y and the
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minimum density information Dy output from the
max/min detecting portion 2 are respectively supplied
to the line buffers 3 and 4 in synchronism with a prede-
termined clock and are temporarily stored therein.

In addition, one-line image data including a target
picture element, which is output from the line buffer 15
of the line buffer portion 1, is output to the line buffer 5
to be temporarily stored. ‘ : |

The interpolation circuit 6 serves to perform interpo-
lation by the linear interpolation method. The interpola-
tion circuit 6 obtains a density IDD at a resampling
point and a nearest original picture element density ISD
on the basis of a target picture element density DI infor-
mation from the line buffer § and resampling point posi-
tion information RAD from the expand/reduce address
generating portion 9. The circuit 6 then outputs the
obtained information to the edge preservation process-
ing portion 7.

The edge preservation processing portion 7 detects
an edge portion by performing edge detection (to be
described later) using the maximum density information
Da4x from the line buffer 3 and the minimum density
information D7y from the line buffer 4. Subseguently,
the portion 7 outputs the re-sampling point density
information IDD or the nearest original picture element
density information ISD from the interpolation circuit 6
as an edge preservation processing result (density at the
re-sampling point) IDR.

The line buffer 8 serves to temporarily store the edge
preservation processing result (density at the resam-
pling point), from the edge preservation processing
portion 7, which is based on the re-sampling point den-
sity information IDD or the nearest original picture
element density information ISD.

The expand/reduce address generating portion 9
generates an address corresponding to a variable magni-
fication at which expansion/reduction processing is
performed. The generated address is output to the line
buffers 3, 4, §, and 8 and the interpolation circuit 6.

'Expansion/reduction processing is executed in the
following manner.

The expand/reduce address generating portion 9
outputs addresses MA and XA corresponding to a vari-
able magnification (repetitive addresses corresponding
to a variable magnification in the expansion mode; se-
quenttal addresses in the reduction mode) to the line
buffers 3, 4, and 5, and reads out the target picture
element density information DI, the maximum density
information Das4x, and the minimum density informa-
tion Dgznfrom the line buffers 8, 3, and 4, respectively.
At the same time, the expand/reduce address generat-
ing portion 9 outputs the re-sampling point position
information RAD, calculated from the variable magni-
fication, to the interpolation circuit 6.

The interpolation circuit 6 obtains the density IDD at
the re-sampling point by performing linear interpolation
of two original picture elements located before and after
the re-sampling point using the target picture element
density information DI and the resampling point posi-
tion information RAD. The edge preservation process-
ing portion 7 detects an edge portion by performing
edge detection (to be described later) using the maxi-
mum density information Das4y and the minimum den-
sity information Djasry, and obtains the re-sampling
point density information IDR by edge preservation
processing (to be described later). The re-sampling
point density information IDR obtained by the edge
preservation processing is stored in the line buffer 8 at
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an address RA generated by the expand/reduce address
generating portion 9 in accordance with a variable mag-
nification (a sequential address in the expansion mode; a
repetitive address corresponding to a variable magnifi-
cation in the reduction mode).

The lmage data processed in the above-described
 manner is sequentially read out from the line buffer 8 to

be output to an output unit (not shown) in synchronism

with a sync signal from the output unit. The i image data
is visualized after the output unit performs image pro-
cessing, e.g., gradation processing, with respect to the
image data.

The rcspective components of the apparatus will be
described in detail below.

The max/min detecting portion 2 is constituted by a
maximum density detecting part 21 and a minimum
density detecting portion 22, as shown in FIG. 2. Refer-
ring to FIG. 2, reference symbol LBD2 denotes image
data of a hine including a target picture element, which
is supplied from the line buffer 16 of the line buffer
portion 1; and LBDO, LBD1, LBD3, and LBD4, image
data of two pairs of lines located before and after the
target picture element line, which are supplied from the
read unit and the line buffers 1q, 1c, and 14 of the hne
buffer portion 1.

FIGS. 3 and 4 respectively show the maximum den-

sity detecting part 21 and the minimum density detector

22 1n detail. As shown in FIG. 3, the maximum density
detecting part 21 comprises eight comparators 212 and
seven FF (flip-flop) circuits 215. Each comparator 21a
receives two types of 8-bit data in synchronism with a
predetermined clock to compare them, and outputs data
having a larger value at the next clock. Each compara-
tor 21a incorporates one 8-bit FF (flip-flop) circuit (not
shown) at its output stage. As shown in FIG. 4, the
minimum density detector 22 comprises eight compara-
tors 22a and seven FF (flip-flop) circuits 22b. Each
comparator 22a receives two types of 8-bit data in syn-
chronism with a predetermined clock to compare them,
and outputs data having a smaller value at the next
clock. Each comparator 22z incorporates one FF (flip
flop) circuit (not shown) at its output stage.

The maximum density detecting part 21 and the mini-
mum density detector 22 consist of eight pipeline stages
each. The detecting portions 21 and 22 respectively
detect the maximum density (Dasqy) and the minimum
density (Dagn) in a 5X 5 matrix having a target picture
element located in the center, thus outputting the de-
tected values as the maximum density information
D4y and minimum density information Dasgn of the
target picture element.

The interpolation circuit 6 comprises an FF circuit
61, a subtracter 62, a multiplier 63, a delay circuit 64, an
adder 63, and a selector 66, as shown in FIG. §. In this
case, a generally known linear interpolation method is
used as an interpolation processing scheme. This inter-
polation processing scheme will be described below
with reference to FIG. 6. Referring to FIG. 6, the posi-
tion of an image in the line direction (main scan, direc-
- tion) 1s plotted along an abscissa axis 1, the “i”, “i+41”,
“142”, ... indicate the positions of ongmal irnages read
by the read unit, while “p”, “p+1%, . . . indicate the
positions of re-sampling pomts correSponding to vari-
able magnifications. The density of an image is plotted
along the ordinate axis, and “D()”, “D@G+1)",
“D(1+2)”, . . . indicate the densities of the original
images, while “D(p)”, “D(p+1)”, . .. indicate the densi-
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ties, of the re-sampling points, which are calculated by

6

the interpolation circuit 6. The interpolation circuit 6
calculates the density of the re-sampling point p accord-
ing to the following equation:
D(p)={IXi+1)— D(i)} X (p— 0)/256+ DXi) (1)
The reason why “256” is set as the divisor in this

equation is that in this embodiment, a value obtained by
dividing the distance between the position of an original

image and its adjacent re-sampling point by 256 is used

as a unit of the position precision of the re-sampling

point p. The subtracter 62 serves to calculate

DR =D(1+1)—D() in equation (1) and is designed to
receive 8-bit data and output 9-bit data. Of the 9-bit
output, the ninth bit (MSB) is a sign bit. The multiplier
63 calculates DS=DR X (p—1i)/256 in equation (1) and
uses the Booth algorithm. One input terminal of the
multiplier 63 receives 8-bit data consisting of only posi-
tive numbers. The value (p—i) is input to this input
terminal. The other input terminal of the multiplier 63
receives 9-bit data having a sign bit. The value “DS” is
input to this input terminal. The multiplier 63 outputs
9-bit data having a sign bit, which is obtained by omit-
ting the lower 8 bits from the calculation result. The
value (p—1i) consists of 8 bits and corresponds to the
re-sampling point position information RAD supplied
from the expand/reduce address generating portion 9.
The delay circuit 64 delays an output DIB from the FF
circuit 61 by an amount corresponding to a predeter-
mined number of clocks to establish synchronization
with the output DS from the multiplier 63. The adder 65
adds the output DS from the multiplier 63 and the out-
put DIB from the FF circuit 61 together, and outputs
the re-sampling point density information IDD. The
adder 65 receives 9-bit data with a sign and 8-bit data
without a sign. The output from the adder 65 is defined
as “IDD=0" and hence consists of 8 bits without a sign.

‘The selector 66 receives the density information of two

original picture elements located before and after the

-re-sampling point, and outputs the nearest original pic-

ture element density information ISD corresponding to
the re-sampling point from the most significant bit
(MF7) of the re-sampling point position information
RAD.

The edge preservation processing portion 7 com-
prises a subtracter 71, a comparator 72, and a selector
73, as shown in FIG. 7. The subtracter 71 calculates a
maximum density difference ADas4x between the maxi-
mum density information Das4y and the minimum den-
sity information Dy respectively supplied from the
lme buffers 3 and 4 as follows:

ADpax=Dpax—DMIN (2)

- The subtracter 71 receives and outputs 8-bit data. The
comparator 72 compares the maximum density differ-
ence ADp4x with a preset edge determination thresh-
old value Th. If the comparison result is

ADp4x=Th (3)
then, the comparator 72 outputs “1”. In contrast to this,
if the comparison result is

ADp4x<Th (4)
then, the comparator 72 outputs “0”. That is, the com-
parator 72 serves as an edge determining circuit for
checking whether a target picture element is an edge
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portion. If the comparison result satisfies relation (3),
the comparator 72 determines that the target picture
element 1s an edge portion. The selector 73 selectively
outputs the interpolation processing density IDD or the
nearest original picture element density ISD in accor-
dance with the comparison result from the comparator
-712. More specifically, if it is determined from the com-
parison result from the comparator 72 that the re-sam-
pling point does not correspond to an edge portion, the
re-sampling point density information IDD obtained by
the interpolation circuit 6 is output from the selector 73.
In contrast to this, if it is determined that the re-sam-
pling point corresponds to an edge portion, the density
information ISD of the original picture element nearest
to the re-sampling point is output as the density infor-
mation IDR of the re-sampling point instead of the
re-sampling point density information IDD.

As shown in FIG. 8, the expand/reduce address gen-
erating portion 9 comprises a re-sampling point calcula-
tor 81, a counter controller 82, a max/min read address
counter 83, a target picture element read address
counter 84, and an expand/reduce data write address
counter 8S.

The re-sampling point calculator 81 serves to calcu-
late re-sampling point position information. The
counter controller 82 controls the three address count-
ers 83, 84, and 85 in accordance with a variable magnifi-
cation. The max/min read address counter 83 reads out
the maximum density information D4y and the mini-
mum density information Dy respectively stored in
the line buffers 3 and 4. The target picture element read
address counter 84 serves to read out target picture
element information stored in the line buffer 5. The
expand/reduce data write address counter 85 serves to
write the re-sampling point density information IDR in
the line buffer 8.

The target picture element read address counter 84
and the expand/reduce data write address counter 85
are 13-bit counters with count enable terminals. The
max/min read address counter 83 is a 11-bit address
counter with a count enable terminal.

The re-sampling point calculator 81 is constituted by
a 10-bit adder 811 and an FF circuit 812, as shown in
FIG. 9. The FF circuit 812 is a flip-flop with a latch
enable (CE) terminal. When the CE terminal is set at
“0”", an output Q of the circuit 812 does not change. The
adder 811 is constituted by an 8-bit half-adder and a
2-bit full adder. A carry-out output from the 8-bit half-
adder 1s output from an output terminal FCO of the
adder 811, whereas a carry-out output from the 2-bit
full adder 1s output from an output terminal ICO of the
adder 811. The output from the output terminal FCO is
supplied to the carry-in input of the 2-bit full adder. A
reciprocal value MD of a preset variable magnification
m is supplied from an external unit (not shown) to an
input terminal DA of the 10-bit adder 811.

The value MD is calculated according to equation

(5):

MD=256/m (5)

When image processing is started, the re-sampling
point calculator 81 accumulates the value MD in syn-
chronism with predetermined clocks and outputs the
addition values as MF9 to MFO. In this case, the initial
value 1s “0”. The lower 8 bits (MF7 to MF0) of the
addition values MF are output, as the re-sampling point
position information RAD, to the interpolation circuit 6
to be used for the above-described interpolation pro-
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cessing. The upper 2 bits (MF9 and MF8) of the addi-
tion values MF are output, as a count control signal for
controlling the expand/reduce data writ address
counter 85 in the reduction mode, to the counter con-
troller 82. An output Q11, i.e., an output FCO1, and an
output ICO1 from the FF circuit 812 are output to the
counter controller 82. The output FCO1 serves as a
counter control signal for controlling the target picture
element read address counter 84 in the expansion mode,
whereas the output ICO1 serves as a count control
signal for controlling the max/min read address counter
83 in the expansion/reduction mode. A signal VCLK 1s
a block signal from an oscillator (not shown). A signal
HSYNC is a main scan sync signal from the read unit.

FIG. 10 shows the arrangement of a control signal
generator 824 in the counter controller 82. The genera-
tor 82a comprises a comparator 821, a delay circuit 822,
and four gate circuits 823(1)-(4). The control signal
generator 82a is designed to generate control signals
MAE and RAE respectively supplied to the target
picture element read address counter 84 and the expand-
/reduce data write address counter 85. A signal R1 is set
at “1” in the expansion mode (MD=256) and is set at
“0” in the reduction mode (MD>256). The control
signal MAE is used to output the carry-out output
FCO1 from the FF circuit 812 of the re-sampling point
calculator 81 in the expansion mode and to output a
main scan image transfer enable signal HDEN in the
reduction mode. The main scan image transfer enable
signal HDEN 1is kept at “1” during an image transfer
operation.

With this operation, the target picture element read
address counter 84 is incremented only when the carry-
out output FCO1 from the FF circuit 812 of the re-sam-
pling point calculator 81 is output in the expansion
mode. During an image transfer operation in the reduc-
tion mode, the counter 84 is sequentially decremented in
synchronism with predetermined clocks. As the control
signal RAE, the main scan image transfer enable signal
HDEN 1s output in the expansion mode. In the reduc-
tion mode, the comparison result obtained by compar-
ing the upper 2 bits (MF9 and MF8) of an output from

the adder 811 of the re-sampling point calculator 81

with the lower 2 bits (MA1 and MAO) of an output from
the target picture element read address counter 84 is
output as the control signal RAE. If the bits MF9 and
MF8 are equal to the bits MA1 and MAO, the compara-
tor 821 outputs “1”. The delay circuit 822 performs time
adjustment to store the re-sampling point density infor-
mation IDR, which has undergone the above-described
interpolation processing and edge preservation process-
ing, at a predetermined address in the line buffer 8. A
signal CE1 is equivalent to the control signal RAE and
1s output to the CE terminal of the FF circuit 812 in the
re-sampling point calculator 81.

In the expansion mode, therefore, the value MD is
sequentially added to the outputs MF9 to MFO from the
re-sampling point calculator 81 in synchronism with
predetermined clocks during an image transfer opera-
tion. In the reduction mode, however, addition of the .
value MD is stopped until MF1 and MFO0 coincide with
MA1 and MAO.

Similarly, in the expansion mode, the expand/reduce
data write address counter 85 is sequentially incre-
mented in synchronism with predetermined clocks dur-
ing an image transfer operation. In the reduction mode,
the counter 85 is decremented only when the outputs
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MF1 and MFO0 from the re-sampling point calculator 81

coincide with the outputs MA1 and MAJ.

FIG. 11 shows the arrangement of a control signal '

generating circuit 82b in the counter controller 82. The
circuit 825 is constituted by a round off circuit 823(A),
and a carry correcting circuit 824. The round off circuit
823 serves to add the upper 2 bits (MF9 and MF8) of an
output from the re-sampling point calculator 81 to the
8th bit (MF7). An output (XA1 and XA0) from the
round off circuit 823 represents the lower 2 bits of the
position information of an original picture element near-
est to the re-sampling point picture element. The carry
correcting circuit 824 generates a control signal XAE
for the max/min read address counter 83 by using a
carry-out output RCO from the round off circuit 823

and the carry-out output ICO1 from the adder 811 of

the re-sampling point calculator 81. .

The carry correcting circuit 824 comprises gate cir-
cuits 824¢(1)-(4) and two FF circuits 8245, as shown in
FIG. 12. The carry correcting circuit 824 is constituted
by a sequential circuit for generating a pulse having a
width of one clock when the carry-out output ICO1 or
the carry-out output RCO is at “1”, and neglecting the
“1” state of the carry-out output ICO1 subsequent to
the “1” state of the carry-out output RCO. A signal
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HSYNCO is an active low main scan sync signal sup-

plied from a printer as an output unit. When the control
signal XAE is set at “1”, the max/min read address
counter 83 is incremented. The line buffers 3 and 4
respectively serving as maximum and minimum density
buffers are accessed by outputs (XA12 to XA2) from
the max/min read address counter 83 and a 2-bit output
(XA1 and XAQ) from the round off circuit 823.

As described above, the maximum density difference
in a window within a predetermined range including a
target picture element is large in a character region but
1s small in a photographic region. The present invention
utilizes this characteristic feature. The maximum den-
sity difference between picture elements in a predeter-
mined range is calculated first, and it is checked on the
basis of the calculated value whether a target picture
element is in a character region or a photographic re-
gion. In the expansion/reduction mode, if the target
picture element is in a photographic region, expan-
sion/reduction processing is performed by the linear
interpolation method or the like, but if the target picture
element is in a character region, expansion/reduction
processing is performed by the nearest picture element
(SPC) method without interpolation. As a result, even a
document image including both character and photo-

graphic portions can be image-processed to perform.

proper expansion/reduction processing of the character
and photographic portions, and binary quantization can
be adaptively performed. That is, binary quantization
can be performed while excellent resolution property
and excellent gradation property are respectively en-
sured in the character portion and the photographic
portion.

In expansion processing based on interpolation, there-
fore, the problem that the edge portions of characters
and the like are blurred can be solved in the following
manner. An edge portion is detected first from the maxi-
mum density difference in a local region. The density of
- a picture element in the edge portion, which is obtained
by interpolation is replaced with the density of the near-
est original picture element to remove an intermediate
density in the edge portion produced by the interpola-
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tion, thereby preventing the edge portions of characters
from blurring. |

The present invention is not limited to the above-
described embodiment. For example, the maximum/-
minimurm detection range is not limited to a 5 X5 region
but can be variably set in accordance with an image to
be processed. - -
~ In addition, in the above embodiment, the maximum
density difference within a predetermined range is used
as feature information for edge preservation processing.
However, other feature information can be used. Fur-
thermore, in the above embodiment, the value of feature
information and a determination threshold value are
calculated on the basis of an image signal read by a read
means, i.e., a quantity corresponding to the reflectivity
of image information. However, identification of an
edge portion may be performed on the basis of a value
obtained by converting the above-mentioned quantity
into an image density (the logarithm of the reciprocal of
the reflectivity), and a conversion signal obtained in
consideration of the visual characteristics.

Moreover, in the above-described embodiment in the
expansion/reduction mode, if a target picture element is
in a photographic region, expansion/reduction process-
ing is performed by the linear interpolation method or
the like, and if a target picture element is in a character
region, expansion/reduction processing is performed by
the nearest picture element (SPC) method without in-
terpolation. However, the present invention is not lim-
ited to this. For example, expansion/reduction process-
ing may be performed as follows. If a target picture
element is in a photographic region, expansion/reduc-
tion processing is performed by the linear interpolation
method or the like. If, however, a target picture element
1s in a character region, a linear interpolation image
density is compared with the first and second threshold
values. If the linear interpolation density is higher than
the first threshold value, the maximum value of image
information within a predetermined range is output. If
the linear interpolation image density is lower than the
second threshold value, the minimum value of image
information within the predetermined range is output.
Otherwise, if the linear interpolation image density is
between the first and second threshold values, the mean
value of the maximum and minimum values is output.

In this case, an edge preservation processing portion
7 is constituted by a subtracter 101, an adder 102, a shift
circuit 103, comparators 104, 105, and 106, and selectors
107 and 108, as shown in FIG. 13. The subtracter 101
calculates a maximum density difference ADr4x be-
tween maximum density information Dsqy and mini-
mum density information Dy respectively supplied
from line buffers 3 and 4 according to the following
equation:

ADpax=Daax— DpMIN 6)

The subtracter 101 is designed to receive and output
8-bit data. The comparator 104 compares the maximum
density difference ADasqx with a preset edge determi-
nation threshold value Thd. If the comparison result is

ADp4y=Thd (7)
then, the comparator 104 outputs “1”. In contrast to
this, if the comparison result is

ADa4x<Thd (8)
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then, the comparator 104 outputs “0”. That is, the com-
parator 104 1s an edge determining circuit for checking
whether a target picture element is an edge portion. If
the comparison result satisfies relation (7), the compara-
tor 104 determines that the target picture element is an
edge portion. The adder 102 adds the maximum density
information Dasqy and the minimum density informa-
tion Dagn together. The adder 102 is a comparator
designed to receive 8-bit data and output 1-bit data. The
shift circuit 103 outputs a value DM obtained by shift-
ing the addition result, supplied from the adder 102, to
the lower bit (LSB) side by one bit. In this case, the
value DM can be represented by

DM =(Dpax+DMIN)/2 (%)
That is, the value DM indicates the mean of the maxi-
mum density Dasqy and the minimum density Dasn.
The comparator 105 has the same circuit arrangement
as that of the comparator 104. The comparator 105
compares a preset value Thh with re-sampling point
density information IDD output from an interpolation
circuit 6. If the comparison result is

IDD=Thh (10)
then, the comparator 105 outputs “1’°. In contrast to
this, if the comparison result is

IDD <Thh (11)
then, the comparator 105 outputs “0”. The comparator
106 has the same circuit arrangement as that of the
comparator 104. The comparator 106 compares a preset
value Thl (Thh>Thl) with the re-sampling point den-
sity information IDD output from the interpolation
circuit 6. If the comparison result is

IDD=Thil (12)
then, the comparator 106 outputs *“1”. In contrast to
this, if the comparison result is

IDD < Thi (13)
then, the comparator 106 outputs “0”’. The selector 107
selects the maximum density Das4x, the minimum den-
sity Daprn, or the value DM in accordance with com-
parison results S1 and S2 respectively supplied from the
comparators 105 and 106. An output ICD from the
selector 107 corresponds to an output from the edge
determining circuit, which is output when it is deter-
mined that a target picture element is an edge portion.
The output IDC is selected as shown in FIG. 14. The
selector 108 serves to select the output ICD from the
selector 107 or the re-sampling point density informa-
tton IDD output from the interpolation circuit 6 in
accordance with a comparison result from the compara-
tor 104. More specifically, if it is determined on the basis
of the comparison result from the comparator 104 that
~ are-sampling point p is not an edge portion, the selector
107 outputs the density information of the re-sampling
point p. In contrast to this, if it is determined that the
re-sampling point p is an edge portion, the maximum
density information Dys4y, the minimum density infor-
mation Dan, or the value DM is output instead of the
re-sampling point density information IDD, as shown in
F1G. 14. Alternatively, density information may be
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output in place of the density information IDD in the
following manner. The average value of the maximum
and minimum values of image information within a
predetermined range is compared first with a linearly
interpolated image. If the average value is larger than
the interpolated image, the maximum value of the image
information within the predetermined range is output.
Otherwise, the minimum value is output. - |

In this case, as.shown in FIG. 15, an edge preserva-
tion processing portion 7 comprises a subtracter 111, an
adder 112, a shift circuit 113, comparators 114 and 1185,
and selectors 116 and 117. Note that since the subtracter
111, the adder 112, the shift circuit 113, and the compar-
ator 114 have the same arrangements as those of the
subtracter 101, the adder 102, the shift circuit 103, and
the comparator 104 in FIG. 13, a description thereof
will be omitted. The comparator 115 compares a value
DM obtained by the shift circuit 113 with re-sampling
point density information IDD output from an interpo-
lation circuit 6. If the comparison result is

IDDZDM (14)
then, the comparator 115 outputs “1”. In contrast to
this, if the comparison result is

IDD <DM (15)
then, the comparator 115 outputs “0”. The selector 116
selects maximum density information Dasqy or mini-
mum density information Dagzny in accordance with a
comparison result from the comparator 115. If the com-
parison result from the comparator 115 satisfies relation
(14), the selector 116 outputs the maximum density
information Ds4y. In contrast to this, if the comparison

- result from the comparator 115 satisfies inequality (15),
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the selector 116 outputs the minimum density informa-
tion Dagn. The circuit arrangement of the selector 117
is exactly the same as that of the selector 116. The selec-
tor 117 1s designed to select the maximum density infor-
mation Dp4x or the minimum density information
Duin from the selector 116, or the re-sampling point
density information IDD output from the interpolation
circuit 6 in accordance with a comparison result from
the comparator 114. More specifically, if it is deter-
mined on the basis of the comparison result from the
comparator 114 that a re-sampling point p is not an edge
portion, the selector 117 outputs the density information
of the resampling point p. In contrast to this, if it is
determined that the re-sampling point p is an edge por-
tion, the selector 117 outputs either the maximum den-
sity information Dps4yor the minimum density informa-
tion Dasrn, which is closer to the value of the density
information IDD, as the density information of the
re-sampling point p, in place of the re-sampling point
density information IDD.

In this case, the selector 66 in the interpolation circuit
6 is not required.

According to the embodiment having such an ar-

-rangement in expansion processing based on interpola-

tion, the problem that the edge portions of characters
and the like are blurred can be solved in the following
manner. An edge portion is detected first from the maxi-
mum density difference in a local region. The density of
a picture element in the edge portion, which is obtained
by interpolation is replaced with the maximum or mini-
mum density in the local region to remove an intermedi-
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ate density, in the edge portion, produced by the inter-
polation, thus obtaining sharp edge portions.

In addition, the edge determination threshold value in
the above embodiment may be changed in accordance
with a variable magnification. In this case, an edge
determination threshold value Th, a variable magnifica-
tion m, and an optimal edge determination threshold
value The are set to have the following relationship:

Th=THe/m

As a result, in an apparatus for performing expan-
sion/reduction processing by performing digital pro-
cessing in the main scan direction and analog processing
in the sub-scan processing, such as a digital computer
even if a density change occurs in the sub-scan direction
in accordance with a variable magnification, the identi-
fication precision independent of a variable magnifica-
tion can be ensured by changing the threshold value for
image determination in accordance with the variable

magnification, thus maintaining the identification preci-

sion in image region separation constant. |

Furthermore, in the above embodiment, the image
reference range in calculation of feature amounts (the
detection range of the max/min detecting portion) may
be changed 1in accordance with a variable magnifica-
tion. More specifically, in the sub-scan direction, if the
reference range is constant, the maximum density differ-
ence in an image expanded/reduced in an analog man-
ner is decreased in the expansion mode, but is increased
in the reduction mode. For this reason, if the reference
range i1s increased in the expansion mode and is de-
creased in the reduction mode, the maximum density
difference is kept constant regardless of a variable mag-
nification. As a result, the identification precision is kept
constant regardless of a variable magnification.

Moreover, expansion/reduction processing may be
performed in the following manner. If a target picture
element is in a photographic region, expansion/reduc-
tion processing is performed by the linear interpolation
method or the like. If a target picture element is in a
character region, the region is divided into two regions.
In a region having especially a large maximum density
difference, expansion/reduction processing is per-
formed by the nearest picture element (SPC) method
without interpolation. In the remaining region, the
mean value of the maximum and minimum values of
image information in a predetermined range is com-
pared with a linearly interpolated image. If the mean
value is larger than the interpolated image, the maxi-
mum value of the image information in the predeter-
mined range is output. Otherwise, the minimum value is
output.

In this case, as shown in FIG. 16, an edge preserva-

tion processing portion 7 1s constituted by a subtracter
121, an adder 122, a shift circuit 123, comparators 124,
128, and 126, and selectors 127 and 128.

The subtracter 121 calculates a maximum density
difference ADa4y between maximum density informa-
tion Dpsqxy and minimum density information Dagn
respectively supplied from line buffers 3 and 4 accord-
ing to the following equation:

ADMax=DMax—DMIN (16)
The subtracter 121 is designed to receive and output

8-bit data. The comparators 124 and 125 compare the
maximum density information Dasqy with preset edge
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determination threshold values (Thh, Thl: Thh> Thl).
If the comparison result is

ADr4xZ Thh a7

then, both the comparators 124 and 125 output “1”.
If the comparison result is

Th1=ADMax<Thh (18)

then, the comparators 124 and 125 respectively output
“0” and “1”. If the comparison result is

ADaax<Thl (19)

then, both the comparators 124 and 125 output “0””. The

- comparators 124 and 125 are designed to receive 8-bit
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data and output 1-bit data. The adder 122 adds the maxi-
mum density information Djsqx and minimum density
information Dpszn together. The adder 122 is designed
to receive 8-bit data and output 9-bit data. The shift
circuit 123 outputs a value DM obtained by shifting the
addition result, supplied from the adder 122, to the

lower bit (LSB) side by one bit. In this case, the value

DM can be represented by

DM =(Dpax+DpIN)/2 (20)
That 1s, the value DM is the mean between the maxi-
mum density information Das4y and minimum density
information Dagn. The comparator 126 has the same
circuit arrangement as the comparator 124 and serves to
compare the value DM with re-sampling point density
information IDD output from an interpolation circuit 6.
If the comparison result is

IDD =DM 21
then, the comparator 126 outputs “1”. In contrast to
this, if the comparison result is

IDD <DM (22)
then, the comparator 126 outputs “0”.

The selector 127 selects the maximum density infor-
mation Dasq4xy or the minimum density information
Dpsrnvin accordance with a comparison result from the
comparator 126. As shown in FIG. 17, if the compari-
son result from the comparator 126 satisfies relation
(21), the selector 127 outputs the maximum density
information Das4xas an output ICD. In contrast to this,
if the comparison result from the comparator 126 satis-
fies inequality (22), the selector 127 outputs the mini-
mum density information Dassnyas the output ICD. The
selector 128 selects the maximum density information
Dy or the minimum density information Dy from
the selector 127, or the re-sampling point density infor-
mation IDD or nearest original picture element density
information ISD output from the interpolation circuit 6,
in accordance with comparison results from the com-
parators 124 and 1285. That is, as shown in FIG. 18, the
selector 128 outputs the re-sampling point density infor- -
mation IDD output from the interpolation circuit 6 if
comparison results from the comparators 124 and 125
satisfy inequality (19). If the comparison results satisfy
equation (20), the selector 128 outputs the output ICD
selected by the conditions shown in FIG. 17. If the
comparison result satisfy relation (21), the selector 128
outputs the density information ISD of an original pic-
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ture element nearest to the re-sampling point as the
density of the re-sampling point, in place of the re-sam-
pling point density information IDD.

According to the embodiment having such an ar-
rangement, in expansion processing based on interpola-
tion, the problem that the edge portions of characters
and the like are blurred can be solved in the following
manner. An edge portion is detected first from the maxi-
mum density difference in a local region. The density of

16

wherein the output means outputs the density deter-
mined by the density-determining means when the
region-determining means determines that the tar-

~ get picture element is in the photographic region,
and outputs the density selected by the density-
selecting means when the region determining
means determines that the target plcture element is
in the character region.

2. Ani 1mage forming apparatus capable of magnifying

a picture element in the edge portion, which is obtained 10 atarget image at any desired magnification, comprising;

by interpolation, is replaced with the density of the
nearest plcture element or the maximum or minimum
density in a prcdetcrnuned region to remove an inter-
mediate density, in the edge portion, produced by the

interpolation, thereby preventing the edge portion of 1°

characters from blurring.

As has been described in detail above, according to
the present invention, there is provided an image pro-
cessing apparatus which can improve the image quality
of a document image including both character and pho-
tographic images by performing expansion/reduction
processing in accordance with the characteristic fea-
tures of the images, or can improve the processing effi-
ciency in various types of image processing by perform-
ing various types of processing in accordance with the
characteristic features of images.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific
details, and representative devices shown and described
herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended
claims and their equivalents.

What 1s claimed is:

1. An image forming apparatus capable of magnifying
a target 1mage at any desired magnification, comprising:

means for detecting maximum and minimum densities

from image information in a predetermined area
including a target picture element of the target
image;
means for determining, from the difference between
the maximum and minimum densities detected by
the detection means, whether the picture element is
In a photographic region or a character region;

means for determining a picture element density ap-
propriate for magnifying the target image, from the
density of the target picture element and that of a
picture element close to the target picture element:

means for outputting the picture element density
determined by the density-determining means, in
accordance with whether the target picture ele-
ment is in a photographic region or a character
region; and

means for comparing the picture element density

determined by the density-determining means with
first and second reference densities, and for select-
ing the maximum density when the density deter-
mined by the density-determining means is higher
than the first reference density, selecting the mini-
mum density when the density determined by the
density-determining means is lower than the sec-
ond reference density, and selecting an average of
the maximum density and the minimum density
when the density determined by the density-deter-
mining means is lower than the first reference den-
sity and higher than the second reference density,
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means for detecting maximum and minimum densities
from image information in a predetermined area
including a target picture element of the target
image;

means for determining, from the difference between
the maximum and minitnum densities detected by
the detecting means, whether the picture element is
1in a photographic region or a character region;

means for determining a picture element density ap-
propriate for magnifying the target image, from the
density of the target picture element and that of a
picture element close to the target picture element;

means for outputting the picture element density
determined by the density-determining means, in
accordance with whether the target picture ele-
ment is in a photographic region or a character
region; and

means for comparing the picture element density
determined by the density-determining means with
an average of the maximum and minimum densi-
ties, and for selecting the maximum density when
the density determined by the density-determining
means is higher than the average of the maximum
and minimum densities, and selecting the minimum
density when the density determined by the densi-
ty-determining means is lower than the average of
the maximum and minimum densities,

wherein the output means outputs the density deter-
mined by the density-determining means when the
region-determining means determines that the tar-
get picture element is in the photographic region,
and outputs the density selected by the density-
selecting means when said region-determining
means determines that the target picture element is
in the character region.

3. An 1image forming apparatus capable of magnifying

a target 1mage at any desired magnification, comprising:

means for detecting maximum and minimum densities
from 1mage information in a predetermined area
including a target picture element of the target
image;

means for determining, from the difference between
the maximum and minimum densities detected by
the detection means, whether the picture element is
in a photographic region or a character region;

means for determining a picture element density ap-
proprniate for magnifying the target image, from the
density of the target picture element and that of a
picture element close to the target picture element;

means for outputting the picture element density
determined by the density-determining means, in -
accordance with whether the target picture ele-
ment i1s in a photographic region or a character
region; and

means for comparing the picture element density
determined by said density-determining means
with an average of the maximum and minimum
densities, and selecting the minimum density, when
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the density determined by the density-determining
means is lower than the average of the maximum
and minimum densities,

wherein the output means outputs the density deter-
mined by the density-determining means when the
region-determining means determines that the tar-
get picture element is in the photographic region,
outputs the density of the target picture element
when the region-determining means determines
that the target picture element is in the character
region and when the difference between the maxi-
mum density and the minimum density 1s equal to
or more than a predetermined value, and outputs
the density selected by said density-selecting means
when the region-determining means determines
that the target picture element is in the character
region and when the difference between the maxi-
mum density and the minimum density is less than
the predetermined value.

4. An image forming apparatus capable of magnifying

a target character image to any desired magnification,

comprising: - |

means for detecting maximum and minimum densities
from image information in a predetermined area
including a target picture element of the target
character image; |

means for determining a picture element density ap-
propriate for magnifying the target character im-
age, from the density of the target picture element

and that of a picture element close to the target 30

picture element;

means for comparing the picture element density
determined by the density-determining means with
first and second reference densities; and

means for selecting the maximum density when the
density determined by the density-determining
means is higher than the first reference density,
selecting the minimum density when the density
determined by the density-determining means i1s
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Jower than the second reference density, and se-
lcctmg an average of the maximum density and the
minimum density when the density determined by
the density-determining means is lower than the
first reference density and higher than the second
reference density. |

5. An image formmg apparatus capable of magnifying

a target character image to any desired magnification,
comprising: 4

means for detecting maximum and minimum densities
from image information in a predetermined area
including a target picture element of the target
character image; |

means for determining a picture element density ap-
propriate for magnifying the target character im-
age, from the density of the target picture element
and that of a picture element close to the target
picture element;

means for comparing the picture element density
determined by the density-determining means with
an average of the maximum and minimum densi-
ties; and

means for selecting the maximum density when the
density determined by the density-determining
means is higher than the average of the maximum
and minimum densities, and selecting the minimum
density when the density determined by the densi-
ty-determining means is lower than the average of
the maximum and minimum densities.

6. An apparatus according to claim 4, wherein the

density-determining means further comprises means for
linearly interpolating the density of the target picture
element and that of the picture element close thereto.

7. An apparatus according to claim 5, wherein the

density-determining means further comprises means for
linearly interpolating the density of the target picture
element and that of the picture element close thereto.
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